Abstract-Due to the lack of reliable analysis in Malaysia as tropical region, this study presents an analysis of experimental data compared against existing rain attenuation prediction models, namely the Dissanayake Allnut Haidara (DAH), and International Telecommunication Union rain ITU-R models, which have been used previously in satellite communication systems. Experimental data was measured at Universiti Putra Malaysia, Selangor, by retrieving signals from the MEASAT-3 satellite, which is geostationary at 91.5°E; at 11.096 GHz. Serdang Selangor is the southern-most state of the Kuala Lumpur region of Malaysia. Data analysis was conducted in two ways. Firstly, by performing statistical analysis on rain attenuation prediction models; and secondly, by making a comparison between measured data and the existing rain attenuation prediction model. Of all, the ITU-R model gave the lowest real mean square value of (2.2) for the three chosen states in Malaysia.
INTRODUCTION
Extensive efforts have been undertaken during the past several years to develop reliable techniques for the prediction of path rain attenuation, for a given location and frequency. The most well-known techniques include International Telecommunication Union-Radio communication (ITU-R) [1, 2] , and the Dissanayake Allnut Haidara (DAH) [3] , the Simple Attenuation Model (SAM) [4] . When operating at a high frequency, such as in the Ku-Band, a reduction in satellite signal strength will take place under severe rain conditions. Many projected Ku-band services use very small terminals, and for some, rain effects may form a relatively small part of the total propagation link margin. Most studies on rain attenuation were carried out in temperate regions, such as Europe and North America [5] . Consequently, most of the recommended models are based on the data obtained mainly from these temperate regions. Since the precipitation characteristics in the tropics differ significantly from those in temperate regions, this problem will be more crucial in tropical regions, like Malaysia; due to their high intensity rainfall. Many studies have been conducted in Malaysia by Mandeep et al., [6, 7] . Communication systems operating at frequencies above 10 GHz in tropical and equatorial climates are subjected to numerous fade occurrences in heavy rain. Few studies into rain attenuation prediction and efficacy were carried out in Selangor using the existing models. However, most studies focused on Johor and Penang. Therefore, the determination and assessment of the efficiency of rain attenuation models in Selangor became a topic of interest.
Researchers have previously reported that two models, namely DAH and ITU-R, performed reasonably well in tropical regions [8] . In general, the parameters of DAH and ITU attenuation models are almost similar. However, in terms of rain height parameter, in the DAH model, the rain height is fixed at 5 km, whereas the ITU rain height varies depending on the latitude and longitude of the measurement site [3] . The ITU-R attenuation model provides estimates of long-term statistics of slant-path rain attenuation at a given location for frequencies up to 55 GHz [9] . A brief description of each model is given in Table I . In current study, an analysis is conducted using the mentioned two types of rain attenuation prediction models. We examined two rain attenuation models and select the most statistically accurate, based on root mean square.
II. METHODOLOGY
ITU-R and DAH models all predict rain attenuation based on the different parameters, as outlined in Table I.   TABLE I. THE PARAMETERS REQUIRED TO CALCULATE RAIN
ATTENUATION FOR THE TWO MODEL TYPES
Two types of statistical analysis were conducted for rain attenuation prediction, namely percentage error and Root Mean Square (RMS) error. Statistical data for these analyses is shown in Figures 1, 2 , and 3 respectively. The percentage relative error for each model was calculated using (1); where, (A predicted) is the value obtained from the prediction model and (A measured) is the value obtained from an experiment performed at University Putra Malaysia.
A. The method used to test the prediction models was suggested by ITU-R P.311-10 [7] . For a certain percentage of time (i.e., from 0.001 to 1% of the year), the percentage relative error between the predicted attenuation (A predicted) and measured attenuation (A measured) values was calculated as follows:
B. Mean error μ v and standard deviation σ v were used to calculate the RMS value of the V i value for each percentage of time. This is defined as follows:
According to the evaluation procedures adopted by the ITU-R model, the preferred prediction method is the one that produces the smallest RMS values. 
III. MEASUREMENTS AND INTERPRETATION
"Six months" of rainfall data was obtained between the 1st of August, 2012 and the 1st of February, 2013. This data was used to determine the accuracy of the attenuation prediction model's analysis. This data was essential, in order to estimate and calculate the local cumulative distribution of rain attenuation. The experiment was conducted at the engineering campus, University Putra Malaysia, Serdang, Selangor, Malaysia (3.01N° and 101.6E°). A satellite dish, with a 0.65m diameter antenna, was used. The receiver site was at 3.01N° and 101.6E°, and used an antenna with an elevation angle of approximately 77.5°. The MEASAT-3 Satellite was implemented in the satellite ground station, which was located at 95m above sea level. The receiving antenna had a diameter of 0.65m, was vertically polarized, and pointed towards MEASAT-3, which is located at 91.5°E and uses 11.096 GHz for its signal reception frequency. The transmitted Radio Frequency (RF) output power for the MEASAT-3 satellite is 150W. A high value of specific attenuation was obtained using the vertically polarized receiving antenna. Data was recorded every one second, which was then averaged for each 60 seconds integration time. Finally, a personnel computer was added to the system to monitor the data obtained. 
IV. RESULTS AND DISCUSSION
The ITU-R model responded consistently to real data at all times and exhibited a decrease in attenuation, which in turn, reduced prediction errors. Even though in Malaysia the temperature is generally moderated by cloud cover, and high humidity, the DAH model undervalued attenuation at the measurement site, because it is based on isotherm height temperature to be 8 o C. In Malaysia, isotherm height changes with humidity. In other words, isotherm height reduces with any increases to the relative ground humidity. The comparison between the real data (measured) and predictions made by the ITU-R and DAH models is shown in Figure III . The maximum attenuation response was detected by the DAH model. Meanwhile, the slowest detection was achieved by the ITU-R model. Last one goes in a parallel to real outputs. The normal errors (2.2) and RMS errors (7.2), obtained using the ITU-R model and the MEASAT-3 satellite, are shown in Figure 3 . The ITU-R model exhibited a notable perfection over that seen by the DAH model, with all satellites tested. The RMS error declined sharply to produce an accurate output. Figure 4 , presents the cumulative distributions of rain attenuation from the data given by the satellite signal receivers compared to ITU-R and DAH models. Figure 5 , presents the cumulative distributions of rain attenuation from the data given by the satellite signal receivers compared to ITU-R and DAH models. It was observed that there is high degree of correlation between DAH and ITU-R models for all of the frequency bands considered, for slant-path attenuation, for 0.01% percentages of time exceeded. This may have been due to the fact that the rain related input to both models was rain intensity at 0.01% of the time.
V. CONCLUSION
Six months of measured rain attenuation data was compared with two existing rain attenuation prediction models. Of the two models investigated, the ITU-R model was found to be the best model for UPM, USM, and UTM. This model yielded positive results in the prediction model testing and the prediction model comparison. Next was the DAH model, because it produced low RMS errors for the same months. By using this model, the system designer can estimate the exact rain attenuation for the Serdang Selangor region of Malaysia, and produce a suitable design to give a better communication service. The effect of rain attenuation on communication systems has been of great interest to many researchers; however, limited investigations in the tropics have been reported.
